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Abstract:

Samples from raw water and processing tanks (biological, chemical and final
tanks) of general company of paper industries in Basrah (Paper Factory) were
collected over a period of June to November 2001. Total plate -count, and total,
faecal coliform counts showed an increasing numbers in the first three months of
the study especially in July. The isolated bacteria from wastewater of final tank
were identified and found that most of these were referred to Gram negative
bacteria especially Escherichia coli, while only Bacillus sp. was referred to Gram
positive bacteria. Correlation between antibiotic and mercuric chloride resistance
was studied, the isolates were resistant to antibiotics showed resistance to
mercuric chloride even at 10 mM.
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Introduction:

Mercury is an extremely toxic metal in several forms and originates from industrial
sources such as wastewater effluent and airborne particle deposition (1). Since
mercury accumulates in body tissues, it can cause serious effects to the nervous
system, kidney, or intestine at low doses over a long period of time. Mercury
compounds become concentrated in the tissues of fish; therefore, fish taken from
mercury polluted water should not be eaten(2).

Mercury possess a toxic effect on bacteria, this effect called "Oligodynamic action™,
in which high concentrations. of mercury cause coagulation to the cytoplasm, in
this manner cell will be died (3), bacteria (Pseudomonas sp.) isolated from mucous
material on the surface of fish and soil were able to methylate mercury under
aerobic conditions. The purpose behind this process is to resist the higher
concentrations of the toxic metal (4). On the other hand, the apparent increase of
the occurrence of antibiotic resistance among bacteria from aquatic environment
and especially from wastewater during the past years and its possible implications
for public health (5) have in many countries
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lead to an intensified surveillance of bacterial resistance.

The work described in this study was performed to compare the mercuric chloride
and antibiotic resistance among bacterial genera isolated from wastewater of Paper
Factory in Basrah to test the hypothesis that heavy metal contamination may
influence the occurrence of antibiotic resistance in the flora of an ecosystem
contaminated by heavy metals.

Materials and Methods:

Sampling and culture conditions: The study extended over a period of six months
from June-November 2001. Samples were taken monthly from raw water,
biological, Chemical and final tanks of the Paper Factory.

Water samples were collected in sterile Nalgene polycarbonate flasks 250 ml. The
samples were placed in ice box and transported to the laboratory within 3 h. From
each sample 10 ml were taken and filtered through 0.45 p. Millipore filter paper
(WCN, Japan), cultured on plates containing the following media: Nutrient agar
(Oxoid) to determine the total plate counts (TPCs) and MacConkey agar (Oxoid) to
determine total coliforms (TCs) and faecal coliforms (FCs), the plates were
incubated for 18hrs at 35°C
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for both TPCs and TCs, while they incubated for 48hrs at 44.5°c in water bath for
FCs, the grown colonies were multiplied by 10 in order to record the results as
cfu/100ml(6).

Identification of isolates: The isolated bacteria from

the final tank of the factory were identified according to (7), the isolates which
follow each genus were counted monthly.

Preparation of inoculums: From each bacterial genus,

100 isolates were chosen randomly to complete the study, five colonies from each
isolate were propagated in a vial containing 10 ml of nutrient broth, incubated at
35°C for 18 hrs. suspended in saline with a turbidity equivalent to that of
0.5McFarland standards, so the bacterial broth contain 1.5x10 cfu/ml(8).

Antibiotic susceptibility test: This test was performed

by the disk diffusion method (9). Ten antibiotics discs were used Ampicillin
(AMP), 30pg; Nalidixic acid (NA) 30 pg; Penicillin G (PEN) 10 units;
Erythromycin (E) 15 pg; Chloramphenicol (C) 30ug; Sulphamethoxazole (SUL)
500ug; Nitrofurantoin (FD) 300ug; Tetracycline (TE) 30ug; Rifampin (RA) 30ug;
Streptomycin (S) 10ug.

The results were recorded according to (10), percentage of isolates fully resistant to
the antibiotics were calculated.

Mercury resistance test: Mercury resistance was

performed according to (11). 1ml of each bacterial inoculum was spread on plates
of nutrient agar supplemented with
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serial concentrations from 1 to 10 mM mercuric chloride which prepared according
to law of molarity. after incubation for 18 hrs. at 35°C, the results were recorded as
the percentage of isolates which gave a positive growth in each concentration.

Results and Discussion:

As shown in Table 1 there was a significant variation in the bacterial counts during
the period of the study, there was increasing in bacterial numbers in the first three
months especially in July, while in the second three months the bacterial numbers
were decreased gradually especially in November. These findings are in agreement
with (12) who attributed the high counts of bacteria in July to lower flows and high
temperature that induced bacteria to consume the nutrients (mainly cellulose), so
the bacterial numbers became high. In the second three months, the temperature
began to below, the flows became higher, this led to decrease in bacterial counts.
FCs were the lowest bacterial numbers and TCs ranged between FCs and TPCS.

Table 2 showed that Gram negative bacteria were the dominant among the
bacterial genera isolated from wastewater of the final tank (88.77%). Seven genera
were
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identified as Escherichia coli (31.85%), Proteus vulgaris (13.06%), Klebsiella sp.
(10.95%). Achromobacter sp. (10.73%), Pseudomonas sp. (10.17%), Enterobacter
cloacae (6.17%) and Flavobacterium sp. (5.84%), only Bacillus sp. (11.23%) was
referred to gram positive group. These results are in agreement with (13), (14) who
considered that the presence of pathogenic bacteria like Escherichia coli, Klebsiella
sp., Proteus vulgaris, and Pseudomonas sp. in wastewater represents the greatest
threat to public health; especially when the receiving water is used for domestic,

recreational or agricultural purposes.

Table (1) Counts of bacteria (CFU/100 ml) isolated

from different sites of paper factory in Basrah

Site | Raw | Biological | Chemical | Final

" water tank tank tank

TPC 7.3x10° | G.7510° |4.2x10° | 3.8x10°

| B [TC 4805 3010 | 2Ix10° [3.x107
z T [3.9x10° | 3.7x10" | 2.2x10° [4.3x10°

% TPC1 UC ucC UC uC
";? é’ TC | 58X107 [ 52X10° | 6.3X107 | 7.2x10°
= FC | 7.2X107 | 8.7X107 | 4.1X10" | 3 gx10° |
2 | TPC | 82X10° | 7.9X10° s.sxi'tipl'ﬁ.‘ﬂxﬁﬁm

I
l
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TC |5.7X107| 60XI0° | 2.7X10° ] 3.2510°

FC [3.9X107 | 2.8X10" | 1.3X10° | 2.7x107
& | TPC [83X10°[ 57XI10° | 3.2X10° l4.sx10f
g TC [7.2X10°| 3.7X10° | 1.2X10° | 2.7x10°
# | FC 13.8X10° | 5.2X10° | 83X107 |6.7x10°
N TPC | 2.9X10° | 78X10° | 7.5X10° [ 30510
-§ TC [2.9X10° [ 1.7X10° NG | 3.0x10°
'S TFC [80X107 1 5.0K10° | Z.0X107 | 1.0x107
~ | TPC[27X10"| TOXI0" | 6AXI0 | 7.3%10°
§ [rC [52X10° | 4.6x10° NG [3:I0]
z% FC |7.2X10° 3.0xm‘-| NG, | 1.2x107]

TPC: Total plate count; TC: Total coliform; FC: Faecal colifarm; N.G.: No
Growth; UC: Uncountable

Table (2) Frequency of bacterial genera isolated from
the final tank of Paper Factory in Basrah during 6 -

R __months period -
No. Genuso species No. of isolate % of Total
1 Escherichia coli 573 385
2 Achromobacter sp. 193 10.73
i 3 Flavobacterium sp., 105 | 5.4

3 Kiebsiellasp. | 197 | 10.95
‘ M_S Enterobacter cloacae 111 T

6 Protus vulgaris 235 13.06

7 Pseudomonas sp. 183 1ET7E
8 Bacillussp. | 202 | 1123

* Total of isolates was 1799
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e Percentage of Gr genera was 88.77

Results of antibiotic susceptibility test for these bacterial species are
summarized in Table 3 which showed a multi - drug resistance to antibiotics
used in the study, three bacterial genera were fully resistant to all antibiotics
used, Escherichia coli. Bacillus sp., and Pseudomonas sp., the other genera
graduated in their resistance to the antibiotics, Proteus vulgaris was the most
susceptible genus, these results are in agreement with (15). Studies of the
epidemiology, genetics, and biochemistry of drug resistant bacteria indicate
that the origin, selection, spread, and prevalence of these bacteria resulted from
abuse of drugs, so there is a need for periodical bacteriological examination of
wastewater and restriction in the use of antibiotics (16,17,18).
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The results of mercuric chloride resistance test are shown in Table 4, species
Proteus vulgaris was the least resistant to this substrate, while species
Escherichia coli, Pseudomonas sp., and Bacillus sp. were resistant to mercuric
chloride even at 10mM From these results, one can observe the correlation
between high levels of resistance to mercuric chloride and antibiotics, this is in
agreement with(19, 20).Heavy metal resistance in a number of different
bacterial species have been shown to be plasmid mediated (21) and in some
cases Is present together with antibiotic resistance(19). In instances where these
genes are grouped on the same plasmid, it is reasonable to assume that either
heavy metals or antibiotics could serve as selection pressure for populations of
bacteria hosting these plasmids (20) However, the nature of the factors
contributing to these metal - resistant microorganisms has not yet been
explained by epidemiological and genetic investigation. These metal resistant
isolates -do not appear to originate by chance, it presumed that one of the
factors selecting for metal resistant microorganisms may be environmental -
contamination by these metals (16,22). This contamination results from the
increased usage of metals in industry, thus, and according to our results We
suggest restriction use of mercury in paper industry.
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